Background and Purpose-Smoking may exacerbate the risk of death or further vascular events in those with stroke, but data are limited. Methods-1589 cases of first-ever and recurrent stroke were recruited between 1996 and 1999 from a defined geographical region in North East Melbourne. Both hospital and nonhospital cases were included. Over a 10-year period, all deaths, recurrent stroke events, and acute myocardial infarctions that were reported at follow-up interviews were validated using medical records. Cox proportional hazards regression was used to assess the association between baseline smoking status (never, ex, and current) and outcome (death, acute myocardial infarction, or recurrent stroke). 
T here is strong evidence that smoking increases the risk of stroke 1 and acute myocardial infarction (AMI). 2 Chemicals in cigarettes have been implicated in the development of atherosclerosis 3 and other pathologies leading to stroke and heart disease. 4, 5 It is therefore likely that smoking exacerbates the increased risk of death and cardiovascular events in patients with stroke, as has been seen in previous studies of AMI. [6] [7] [8] However, community-based stroke studies provide inconsistent results on the role of baseline smoking on long-term outcome after stroke. [9] [10] [11] Investigators of the Perth Community Stroke Study (PCSS) found that past smoking was associated with poor outcome, whereas current smoking was not. 11 Others have found no association between smoking at the time of stroke and long-term outcomes. 9, 10 We aimed to assess the contribution of smoking status at the time of stroke to the risk of recurrent vascular events (recurrent strokes and myocardial infarctions) and death in a community-based incidence study; the North East Melbourne Stroke Incidence Study (NEMESIS). This was a unique opportunity to examine this potential association as we carefully assessed deaths and subsequent vascular events over 10 years of follow-up after stroke.
Methods
Patients were recruited from a defined geographical area. Both hospital and nonhospital records were used to identify all cases of stroke occurring between May 1, 1996 and April 30, 1997 (an 8 postcode region in North East Melbourne with a population of 133,816) and between May 1, 1997 and April 30, 1999 (a 22 post code region, population 306 631). Strokes were defined according to the World Health Organization (WHO) clinical definition. 12 All potential cases of stroke were assessed by a panel of stroke experts who decided on whether the signs and symptoms complied with the definition of stroke and so determined ultimate inclusion in the study. NEMESIS adheres to the criteria for an ideal stroke incidence study as described by Sudlow & Warlow. 13 A baseline assessment was conducted after patients gave consent to participate in the study. Sociodemographic and medical details of the patients were obtained by research nurses using medical records
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at recruitment and during questioning of participants at follow-up interview. Patients who suffered a subarachnoid hemorrhage were not followed-up. In cases where patients were reluctant to be interviewed at their place of residence, research nurses conducted a telephone interview and collected as much information as possible. When a patient was unable to respond because of severe physical or cognitive disability, the majority of information was obtained from a proxy respondent.
Definitions
Using information in medical records seen at baseline, we classified patients as never smokers, ex-smokers, or current smokers. Never smokers were defined as people who had never smoked in their lifetime, ex-smokers were defined as people who had previously smoked but were nonsmokers at the time of their stroke, and current smokers were defined as people who were smokers at the time of their stroke. A past history of stroke, cardiovascular disease, atrial fibrillation, diabetes mellitus, and history of hypertension was determined by perusal of medical records.
Other sociodemographic details of the patients that could potentially impact risk factor management were ascertained. Such factors included age, sex, place of birth, living arrangements, and place of residence.
Patients' socioeconomic status was estimated using the Australian Bureau of Statistics' Index of Relative Socioeconomic Disadvantage (IRSD) score corresponding to their place of residence. The IRSD, which was developed by the Australian Bureau of Statistics, ranks different geographic areas of Australia according to economic and social resources of households within the areas. We used the IRSD available for Census Collection Districts, which is the smallest area for which the IRSD is calculated, consisting of approximately 250 households each. IRSD was then categorized into 3 equally sized tertiles: most disadvantage, moderate disadvantage, and least disadvantage. 
Follow-Up of Recurrent Strokes
When patients reported that they had suffered a recurrent stroke or transient ischemic attack before a follow-up interview, a data recording sheet outlining details of these events was completed by research nurses. Information on each possible event was gathered from several sources, including hospital and nursing home records, death certificates, and coroner's reports. The date and time of onset, history of onset, and main symptoms of the events were recorded. The findings from computed tomography scans or magnetic resonance imaging were recorded. When an electrocardiograph, echocardiogram, carotid Doppler ultrasound scan, cerebral angiogram, or magnetic resonance angiogram was performed on the patient, the findings of these tests were recorded. This information was presented to a panel of neurologists who determined whether the event was a stroke or not.
Follow-Up of Acute Myocardial Infarctions
When patients reported that they had suffered an AMI at the followup interview, the potential event was followed up by the research nurse using all available sources. The date of the event, history of onset, and main symptoms of the events were recorded. AMIs were categorized as a definite AMI, probable AMI, or definitely not an AMI using an AMI classification algorithm incorporating the presence of ischemic pain, the levels of cardiac enzymes, troponin levels, and the presence of Q-waves in electrocardiogram, which is a similar classification method to that described by Thygesen and colleagues. 
Follow-Up of Death
Participants in the study were followed up using the National Death Index to determine whether any patients lost to follow-up had died.
Covariates

Statistics
Cox proportional hazards regression was conducted to assess the association between smoking and poor outcome, which included death and nonfatal vascular events (AMI or recurrent stroke). The model was adjusted for confounding factors (age, sex, and socioeconomic status) and all other statistically significant baseline variables (variables with a 2-sided P value ≤0.05). Variables with a P value >0.1 were removed using backward stepwise method.
Cumulative hazard functions were generated based on the results of the Cox proportional hazards regression and were stratified by baseline smoking status.
Ethics
NEMESIS was approved by the ethics committee at each participating institution. Informed consent was obtained before any interview was conducted. When the participant was cognitively impaired dysphasic, or had altered consciousness, consent was obtained from the next-of-kin. Ethics committee approval was also obtained from the Australian Institute of Health and Welfare for access to the National Death Index data.
Results
Patient Characteristics
There were some differences in patient characteristics between never, past, and current smokers (Supplement Table 1 ). Compared with patients who had never smoked, past and current smokers were younger, were more often male, had greater socioeconomic disadvantage, and were less often residing in an institution. Compared with those who were never smokers, ex-smokers had more often suffered a previous stroke (P=0.026), a previous transient ischemic attack (P=0.041), and a previous AMI (P<0.001). When compared with patients who had never smoked, current smokers less often had a history of hypertension (P<0.001) and less often had atrial fibrillation (P<0.001).
Twenty-eight-day case-fatality was 23% (359 of 1589). In the group of patients for whom smoking status was unknown, there was a 50% 28-day fatality rate, which was greater than that of never smokers (P<0.001; unadjusted for other variables). Current smokers also appeared to have a lesser 28-day fatality rate than never smokers (unadjusted P=0.061; unadjusted for other variables). Table 1 shows the comparisons between smoking groups when those who did not survive beyond 28 days of their stroke were excluded from analysis. Differences in patient characteristics between each smoking group were similar to those described above.
Baseline Factors Associated With Outcome at 10 Years Poststroke
Using multivariable Cox proportional hazards regression, we found that greater age, history of stroke, stroke subtype, atrial fibrillation, being born in Australia, previous acute myocardial infarction, diabetes mellitus, and unconsciousness at the time of stroke were associated with death or recurrent vascular event at 10 years poststroke (Supplemental Table 2 ). Smokers at the time of stroke had poorer outcome (hazard ratio [HR], 1.30; 95% confidence interval [CI], 1.06-1.60; P=0.012) when compared with those who were never smokers at the time of stroke. Patients who were current smokers appeared to be at greater risk of death and nonfatal vascular events than ex-smokers when age was incorporated into the model as a continuous variable (HR, 1.22; 95% CI, 1.00-1.49; P=0.055).
When patients who did not survive the first 28 days were excluded from the analysis, stroke subtype was no longer associated with death and nonfatal vascular events (Table 2 ). Amongst those who survived the first 28 days after their stroke, current smoking was associated with poor outcome (HR, 1.42; 95% CI, 1.13-1.78; P=0.003), as was past smoking (HR, 1.18; 95% CI, 1.01-1.39; P=0.039). When age was incorporated into the model as a continuous variable, current smokers appeared to be at greater risk of death and nonfatal vascular events than exsmokers (HR, 1.23; 95% CI, 1.00-1.50; P=0.050).
The cumulative hazard functions of recurrent vascular event or death in patients of different smoking categories are shown in Figure 1 (all strokes) and Figure 2 (28-day survivors). After adjusting for all significant and potentially confounding factors in the Cox proportional hazards regression, patients who were current smokers at baseline had the greatest hazard, followed by ex-smokers and then nonsmokers.
Smoking was not independently associated with 28-day fatality after stroke onset (Supplemental Table 3 ). Fatality at 28 days after stroke onset was independently associated with age, socioeconomic status, atrial fibrillation, unconsciousness at the time of stroke, and stroke subtype.
Smoking was associated with outcome at 10 years poststroke in 28-day survivors with ischemic stroke at baseline (Supplemental Table 4 and Figure 1a ) but not in those who suffered an intracerebral hemorrhage at baseline (Supplemental Table 5 and Figure 1b ).
Discussion
The major finding from this study is that people who were current or ex-smokers at the time of their stroke had poorer long-term outcomes than those who had never smoked. This association only became apparent after adjusting for age, as smokers had their vascular events (or died) at a much younger age than those who had either never smoked or had ceased smoking. It is unclear why this relationship is present in (10) 55 (13) 17 (9) 14 (11) Undetermined stroke 37 (7) 21 (5) 8 (4) §Percentage of column total (n). ||Unknown or missing data: place of birth (4 never smokers, 1 ex-smoker, 6 unknown smokers), residence (2 never smokers, 1 ex-smoker, 10 unknown smokers), previous TIA (1 never smoker, 1 current smoker, 4 unknown smokers), diabetes mellitus (1 never smoker, 1 ex-smoker, 5 unknown smokers), previous AMI (1 ex-smoker, 6 unknown smokers), atrial fibrillation (3 never smokers, 5 ex-smokers, 3 current smokers, 9 unknown smokers), and history of hypertension (1 never smoker, 2 ex-smokers, 8 unknown smokers). by guest on April 20, 2017 http://stroke.ahajournals.org/
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hypertension, 16 abdominal obesity, 17 dyslipidaemia, 18 atrial fibrillation, 19 and diabetes mellitus. 20 When these risk factors coexist they appear to potentiate the risk of vascular events such as heart attack and stroke. 21 We found that atrial fibrillation and diabetes were independently associated with poorer long-term outcomes after stroke. It would appear that targeting education towards younger people, males, and those from disadvantaged backgrounds about the risks associated with smoking would be an effective way to reduce the burden of stroke.
Study Limitations
This study has some limitations. First, a large proportion of participants residing in aged care institutions were not interviewed at baseline. This meant that there was missing information in many of the variables, including smoking status. If these institutionalized stroke survivors differ in some way from noninstitutionalized stroke survivors, then the fact vthose with ischemic stroke and not in those with intracerebral hemorrhage, but this may be attributable to a small sample size in those with intracerebral hemorrhage. Our findings may be different from those seen in other studies because our sample size was larger, therefore providing greater power to detect a difference between groups. In addition, we used a composite outcome measure incorporating recurrent strokes, myocardial infarctions, and death. Our finding is important as it provides further evidence of the poor outcome among those who smoke. It is particularly important because we demonstrated that smoking is having its greatest impact among those who are younger. Because of the potential years of healthy life that is lost, smoking will indirectly be making a major contribution to the costs of stroke.
Smokers in our study, being younger than never smokers, were less likely to have atrial fibrillation and hypertension than never smokers Other investigators have shown that after adjustment for age, smokers have a greater risk of that they are underrepresented may have affected our findings. Second, inaccuracies in patient classification are likely to exist as risk factors that were not mentioned in the medical history were presumed to be absent, such as for smoking status. This may mean that this variable is associated with some misclassification bias. Third, because smoking status was ascertained from inspection of medical records, there was limited information on duration and number of cigarettes smoked by a patient. Therefore, we were unable to assess dose-response of smoking on outcome. The limited information on smoking status also meant that we were unable to distinguish between those who had ceased smoking soon before their stroke and those who had quit smoking much earlier.
Another limitation is that we did not assess the cessation of smoking in all participants who were current smokers at the time of their stroke. From a previous substudy we know that 37% of patients who smoked at baseline had quit at 5 years poststroke and that most of them had quit immediately after their stroke. 22 These limitations in smoking status classification mean that the differences seen between smoking groups is likely to have been attenuated. Finally, our multivariable model does not include all factors potentially associated with outcome after stroke. For example, data on obesity, serum cholesterol levels, alcohol consumption, and family history of stroke were unavailable at baseline. In future stroke studies, the timing and dose of smoking should be assessed, similar to the assessments conducted in studies of the effect of smoking on outcome after AMI. [6] [7] [8] In these studies, differences in survival between pre-AMI and post-AMI quitters have been investigated, as has the effect of cigarette reductions on mortality in persistent smokers. Similarly, it would be useful to assess the association between mortality and smoking cessation pre-and poststroke.
Conclusions
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